The subterranean ecotope, particularly in tropical regions, is almost free of daily fluctuations in environmental factors that may serve as zeitgebers. The question arises as to whether there is circadian periodicity in the activity of its permanent inhabitants and, if so, how it is induced and maintained. We used radiotelemetry to follow the activity of the silvery mole-rat, Heliophobius argenteocinereus (Bathyergidae), in its natural environment in Malawi during the dry season. Silvery mole-rats were found inside their nests during 63% 6 8% SD of radiofixes; the animals were inactive for 72% 6 8% of the within-nest fixes recorded. Activity tended to decrease over the course of the dry season. Although activity was detected at any time of day, most individuals showed a predictable (mostly unimodal, occasionally bimodal) pattern of activity that was associated with slight daily belowground temperature fluctuations (mostly less than 38C). In the coldest part of the dry season, overall activity rose with daily temperature. At the beginning of the hot and dry season, the period of enhanced daily activity was shifted to earlier (colder) hours. Mole-rats in the field apparently respond to even slight temperature fluctuations and adjusted their activity accordingly. We propose that burrow temperature can work as zeitgeber of circadian activity in this species.
Periods of activity follow circadian periodicity in most mammals (Bartness and Albers 2000) . Circadian periodicity may be related to light, temperature, predation risk, and food availability. The subterranean environment is dark and thermally buffered and neither food availability nor predation risk is thought to change much during the course of a 24-h cycle (Nevo 1999) . Therefore, subterranean mammals are expected to be ''active day and night'' (Nevo 1979) , with endogenous control of the timing of activity. Contrary to this expectation, however, most field studies of activity in subterranean rodents have found circadian periodicity (Bandoli 1987; Benedix 1994; Gettinger 1984; Jarvis 1973; Kushnirov et al. 2000; Rado et al. 1993; Urrejola et al. 2005 ; but see Andersen and MacMahon [1981] and Cameron et al. [1988] ).
Generally, the most important environmental stimulus for resetting the circadian clock (i.e., the zeitgeber) is light (Bartness and Albers 2000) . Despite a regressed visual system, subterranean rodents are able to entrain circadian cycles of activity under artificial light regimes, and these cycles become free-running in constant darkness (Begall et al. 2002; Goldman et al. 1997; Lovegrove et al. 1993; Lovegrove and Papenfus 1995; Oosthuizen et al. 2003; Riccio and Goldman 2000; Schöttner et al. 2006; Tobler et al. 1998 ; but see Ben-Shlomo et al. [1995] for arrhythmic genotype Spalax ehrenbergi). Fossorial rodents of the families Geomyidae, Rhyzomyidae, Ctenomyidae, and Octodontidae regularly emerge aboveground (Nowak 1991) and frequently encounter light stimuli. However, mole-rats (Spalacinae and Bathyergidae) rarely come aboveground. Thus, the question arises as to whether environmental factors other than light may act as zeitgebers for circadian activity rhythms in these animals.
The only published study of activity in subterranean rodents under an artificial temperature cycle generated ambiguous results: only 5 of 11 blind mole rats (S. ehrenbergi) entrained circadian cycles of activity, yet these animals differed greatly in their individual responses (Goldman et al. 1997) . In contrast, examination of field data indicates an association between activity cycles and daily temperature fluctuations. For example, Rado et al. (1993) found Spalax to be active monophasically, with a peak of activity linked to annual changes in soil temperature. Benedix (1994) reported that the plains pocket gopher (Geomys bursarius) displayed bimodal activity, with animals avoiding both hot and cold extremes in burrow temperature.
Both spalacines and geomyids occur in temperate, seasonal climate zones. In the tropics, the fluctuation of daily temperatures belowground is much smaller (Bennett et al. 1988) , making the problem of circadian rhythmicity in tropical subterranean mammals intriguing. The only available field data on activity in a tropical subterranean rodent were obtained from a single female silvery mole-rat (Heliophobius argenteocinereus) that was released and radiotracked in a cultivated area (Jarvis 1973) . Here, we present the 1st long-term radiotelemetry study of this solitary bathyergid rodent, which is widely distributed in eastern and southeastern Africa (Bennett and Faulkes 2000; Burda 2001 ). The aims of this study were to characterize daily activity patterns of free-living Heliophobius over the course of the dry season and to evaluate the effects of extrinsic (e.g., temperature, light, and food supply) and intrinsic (e.g., body weight, sex, and reproductive characteristics) factors on activity patterns.
MATERIALS AND METHODS
Study area.-The study was conducted from May to September 2005 in fragment of miombo (Brachystegia woodland) on Mpalanganga Estate, Zomba, southern Malawi (158279S, 358169E, elevation 1,070 m). The population density in the 8-ha study area was estimated at 4.6 silvery mole-rats per hectare.
The climate in Malawi is characterized by a rainy season (October/November-March/April), a cold and dry season (April-July), and a hot and dry season (August-October). The climate in the Zomba district is mesic with an annual rainfall of 1,342 mm and 5 virtually rainless months (MaySeptember) with precipitation , 25 mm (based on records from 1953 to 1973; http://www.ncdc.noaa.gov/ol/climate/research/ ghcn/ghcn.html). For radiotracking, we chose a period from June to August, which covers the yearly temperature minimum (the cold and dry season) as well as high temperatures at the beginning of the hot and dry season (see Š umbera et al. 2004) .
Environmental data.-During June-August 2005, soil temperatures were recorded every 10 min using a set of 4 data loggers (R011E; Comet System, Rožnov pod, Radhoštěm, Czech Republic) buried at the depth of 15 cm (the depth of most foraging burrows). Loggers were placed near the burrow systems of radiotracked animals (see below). For analysis, temperature data were averaged across the 4 loggers.
To assess the food supply available to individual mole-rats, we excavated five 0.5 Â 0.5-m squares per burrow system; sampling squares were evenly spaced along each of the 11 burrow systems monitored during the telemetry portion of the study. All plant storage organs found to a depth of 20 cm were weighed. Total biomass per square meter of plant storage organs was used as a measure of the food supply.
We assessed soil water content from 100-cm 3 samples of soil taken 15 cm belowground. Three samples per location were collected at 16 locations distributed throughout the study area. The samples were weighed immediately after collection, sundried to a constant weight, and then weighed again to determine percent moisture content. Sampling took place at the end of May and again in the beginning of September; the same locations were sampled in both months.
Radiotracking.-Mole-rats were captured using Hickman traps (Hickman 1979) or by blocking the animals' retreat with a hoe when they came to seal opened sections of their burrow system (cf. Jarvis 1991). Captured adults (144-190 g) were briefly anesthetized and fitted with radiocollars (G3-1V transmitter with a position-based activity indicator, BR collar; AVM Instrument Company, Colfax, California). The collar was adjusted to the animal's neck and encased in plastic tubing according to the manufacturer's instructions. The weight of each radiocollar was 7 g (less than 5% of body weight of the smallest animal under study). The activity indicator changed the signal rate of the transmitter when the radiocollar departed from a vertical position (e.g., when the animal lowered its head to a curled-up position, as when sleeping). The animals were returned to their burrow systems after 6-12 h of recovery, during which they became accustomed to the radiocollar. Eleven mole-rats (3 males and 8 females) were equipped with radiocollars and subsequently radiotracked. One of the males had been captured in a nearby area characterized by the same type of habitat as the primary study site; this animal was introduced into a burrow system on the site whose original owner (a female) had been accidentally killed on capture. The other 10 mole-rats were returned into their original burrow systems. The radiocollars did not appear to affect the behavior of the mole-rats. They dug new tunnels, built mounds, and bred. All animals recaptured at the end of the study were in a good condition and some of them had gained weight (up to 14.5% of their body mass at 1st capture). A substantial loss of mass (5-8.5%) was found only in 4 females, 3 of which had given birth since their initial capture.
Radiotracking started 9-27 days after release. We used an LA 12-Q receiver (AVM Instrument Company) and a 4-element Yagi antenna to locate (fix) the animals. Four to 5 animals were radiotracked in rotation with an interval of about 30 min between fixes. Tracking started with an observer listening to the signal of the transmitter for 2 min from a distance of .10 m to determine whether the animal was active or inactive. The location of the animal was then fixed (after carefully approaching the animal) from a distance , 4 m. To record positions precisely, we established a geo-referenced grid (4 Â 4-m cell size) above each burrow system before radiotracking began.
Radiotracking was performed in 8-h sessions (0600-1400, 2200-0600, and 1400-2200 h) separated by 8-h breaks. After completing 3 sessions, telemetry was suspended for 1-3 days. A radiotracking period was defined as nine 8-h sessions, encompassing 72 h of data collection. Each radiotracking period was usually completed within 11 days. Altogether, 6 radiotracking periods were completed (8-17 June, 26 June-7 July, 10-19 July, 26 July-5 August, 10-19 August, and 21-30 August). Most animals were followed over 2 or 3 radiotracking periods.
At the end of our telemetry studies, the animals were recaptured and sacrificed, and their burrow systems were excavated and mapped. For pups found in the burrows of females, the date of birth was estimated according to the stage of development following Š umbera et al. (2003a) . The reproductive status of females was verified by autopsy.
All procedures involving wild-caught animals were performed in a humane manner following guidelines approved by the American Society of Mammalogists (Animal Care and Use Committee 1998). These procedures also were approved by the National Research Council of Malawi, the Research and Publications Committee of the University of Malawi, Chancellor College, and the Control Commission for Ethical Treatment of Animals of the University of South Bohemia, Faculty of Biological Sciences, Czech Republic.
Determination of activity.
-If the signal rate of the transmitter was continually changing, the animal was considered to be active. A predominantly stable, slow signal rate indicated that the animal was most likely curled up into a ball (typical sleeping position of Heliophobius) and it was considered to be inactive. Sometimes the signal rate was fast but stable. This could represent activities without rapid movements or resting in a nonsleeping body position. In these cases, the animal was denoted as inactive only if it was subsequently fixed inside the nest; otherwise it was denoted as active. Validation of signal rates as measures of activity and inactivity was based on direct visual observation of captive radiocollared animals conducted before these individuals were returned to their burrow systems.
Analysis of temporal patterns of activity.-Each 8-h radiotracking session consisted of 16 recordings (fixes) separated by 15 breaks of 30 min each. The recordings were designated either as ''active'' or ''inactive.'' Furthermore, we determined whether animals were ''inside the nest'' or ''outside the nest.'' A nest was defined as the most commonly used location for an animal, in accordance with Urrejola et al. (2005) . In most cases, a chamber with bedding was found at that location after excavation of the system. By projecting the locations of fixes onto maps of burrow systems, we estimated accuracy of our fixes at ,1 m; as a result, all fixes within a 1-m radius of the nest were treated as inside the nest.
For each animal, the records from each 72-h radiotracking period were grouped into twelve 2-h time blocks (e.g., 0000-0159 h). For each 2-h block we determined the proportion of active fixes and fixes outside the nest. For each animal and each 72-h radiotracking period, we assessed whether the proportion of active fixes in successive 2-h time blocks of a day showed unimodal, bimodal, or arrhythmic pattern. The unimodal patterns had 1 distinct maximum and 1 distinct minimum during a 24-h period; the bimodal pattern had 2 distinct minima and maxima during a 24-h period. All other patterns were denoted as arrhythmic. For animals revealing unimodal or bimodal activity patterns during a given radiotracking period, we identified the time(s) of the day at which minima and maxima in the proportion of active fixes occurred. The proportion of active fixes and the proportion of fixes outside the nest also were calculated for each mole-rat for the entire 72-h tracking period. In addition, separate estimates of these variables were completed for the daylight (0600-1800 h) and dark (1800-0600 h) portions of each 72-h radiotracking period.
To evaluate seasonal changes in activity patterns, we divided the total duration of our study into 3 phases that differed with respect to seasonal variation in average daily temperatures. During phase I (8 June-7 July; cold and dry season) the average daily temperature measured at the depth of 15 cm declined (from 19.08C to 17.28C); during phase II (10 July-5 August) it remained low (mean 17.78C), and during phase III (10-30 August; beginning of the hot and dry season) it was high and steadily increasing (from 19.38C to 20.28C). Each phase covered 2 successive 72-h radiotracking periods and contained no pseudoreplication (i.e., more than one 72-h radiotracking period for the same animal).
Statistical analyses.-Minimum and maximum daily belowground temperatures and the differences between the 2 were compared across the 6 radiotracking periods using repeatedmeasures analyses of variance (ANOVAs) and Tukey honestly significant difference tests for unequal sample sizes.
Within each of the 3 seasonal phases of the study, we compared proportions of active fixes among 2-h time blocks using repeated-measures ANOVA, related the proportions of active fixes to daily temperatures using linear regression, and compared daylight (0600-1800 h) and dark (1800-0600 h) hours using t-tests for dependent samples. We applied Bonferroni's correction to all analyses carried out separately for each of the 3 seasonal phases (P-values are multiplied by 3, the number of tests). For ANOVAs and t-tests, proportions of active fixes were arcsine transformed before analysis (Sokal and Rohlf 1981) .
For 72-h radiotracking periods with bimodal daily activity patterns, we used the Wilcoxon matched pairs test to compare proportions of active fixes in 2-h time blocks with extreme temperatures (3 blocks with highest and 3 blocks with lowest soil temperature) to those with nonextreme temperatures (the other 6 time blocks).
We used linear regression to determine an overall trend in proportion of active fixes and proportion of fixes outside the nest over the course of the study. Here, the independent variable was a number of days elapsed since 1 May 2005. For each radiotracking period, we selected the day in the middle of the period as representative of that period on the time axis.
We used a t-test for dependent samples to compare arcsinetransformed (Sokal and Rohlf 1981) values of soil water content from May and September. For various comparisons of males and females as well as comparisons of reproductive and nonreproductive females, we used Mann-Whitney U-tests. All tests were performed in STATISTICA 6.0 (data analysis software system, version 6; StatSoft Inc. 2001; www.statsoft. com). Means are given 6 1 SD throughout the text.
RESULTS
Soil temperature and water content.-Timing of daily soil temperature minima and maxima was stable during the study, occurring around 0900 h and 1700 h, respectively (Table 1) . Daily temperature fluctuation increased over the course of study (Table 1) but was generally less than 38C. Minimum and maximum daily temperatures and the differences between them varied significantly across radiotracking periods (repeatedmeasures ANOVAs, all P , 0.001; Table 1 ). Soil water content changed from 11.0% 6 1.1% at the beginning of the study (May) to 7.8% 6 0.8% at the end of study (September); this difference was significant (t-test for dependent samples: t ¼ 11.48, d.f. ¼ 15, P , 0.0001).
Activity and nest use.-Mole-rats were found inside their nests during 63% 6 8% (range 43-77%) of radiofixes. The animals were determined to be inactive during 72% 6 8% of these within-nest fixes. In contrast, mole-rats were found to be inactive outside the nest during less than 1% of all fixes (n ¼ 3,456).
Effect of sex and breeding status.-Half of the radiotracked females reproduced during the study period. Three of 4 breeding females gave birth immediately before or during their last radiotracking period. Two of these animals were found more frequently inside the nest (92% and 78% of fixes, respectively) immediately before or after giving birth or both. Activity (proportion of active fixes) for these females remained the same or increased only slightly, but their daily pattern became arrhythmic. Hence, the last radiotracking periods for these females were excluded from analyses. The behavior of the 3rd female that gave birth during the study did not seem to be influenced by advanced pregnancy and lactation, and her daily pattern of activity remained similar to that observed during the previous radiotracking period (Fig. 1a) . Radiotracking of the 4th female ended about 3 weeks before parturition because of expiration of the battery in her radiocollar. Reproductive females were heavier and generally more active than nonreproductive females (Table 2) , although these differences were not statistically significant, possibly because of the small sample sizes (Mann-Whitney U-test; N 1 ¼ N 2 ¼ 4, P ! 0.1).
Males were found to be more frequently active but were less frequently outside the nest than females (proportion of active fixes: males 0.55 6 0.04; females 0.53 6 0.08; proportion of fixes outside the nest: males 0.34 6 0.06; females 0.39 6 0.06). However, these differences were not significant (Mann-Whitney U-tests; N 1 ¼ 3, N 2 ¼ 8, P ¼ 0.3 and 0.2, respectively).
Activity during the day.-Examination of radiotracking data indicated that all mole-rats were polyphasic, having multiple bouts of activity separated by periods of inactivity inside the nest during a 24-h cycle. However, pooling the data across 72 h (3 Â 24 h) showed that the activity of most animals was concentrated into 1 (unimodal pattern) or 2 (bimodal pattern) daily peaks. Eight animals were characterized by a single daily peak of activity during at least one 72-h tracking period (n ¼ 15 individual tracking periods with unimodal activity; Fig. 1a) . Three mole-rats were characterized by 2 daily peaks of activity during at least one 72-h tracking period (n ¼ 5 individual tracking periods with bimodal activity; Fig. 1b) . Although some of the peaks appeared to be cleft, the clefts were small relative to the overall peak of activity during that portion of the 24-h cycle. Four animals were characterized by arrhythmic activity during at least one 72-h tracking period (n ¼ 4 individual tracking periods; Fig. 1c) . Four of the 9 animals monitored during more than 1 radiotracking period changed their pattern of activity at least once between successive periods.
The proportion of active fixes varied significantly among the 2-h time blocks in phases II and III, but not in phase I (repeated-measures ANOVA; phase I: F ¼ 2.14, d.f. ¼ 11, 66, P ¼ 0.09; phase II: F ¼ 3.76, d.f. ¼ 11, 88, P , 0.001; phase III: F ¼ 5.14, d.f. ¼ 11, 77, P , 0.001; Bonferroni correction applied; Fig. 2) . A significant linear (positive) relationship between the proportion of active fixes per 2-h block and average temperature was found only for the 2nd phase of the study (linear regression; phase I: 
correction applied). During phases I and II, the proportion of active fixes in light and dark hours was not significantly different, whereas in phase III activity was significantly greater during daylight hours (t-test for dependent samples; phase I:
; Bonferroni correction applied). In phase III, the period of enhanced activity began earlier (around 8000 h) than in phase II (around 1200 h) and was followed by a decrease in activity between 1400 and 2000 h that was more conspicuous than that observed in phase II (Fig. 2) . Timing of minima and maxima of activity was variable, but during the coldest part of the 24-h cycle (0400-1000 h) we did not register any peak of activity for any mole-rat in any phase of the study. Bimodal patterns of individual activity were observed in all 3 phases of the study (Fig. 3) . The proportion of active fixes was significantly lower during the 2-h time blocks surrounding temperature extremes (Wilcoxon matched pairs test; N ¼ 5; P ¼ 0.04).
Seasonal changes in activity.-The proportion of active fixes decreased over the course of the study, as the dry season progressed (linear regression;
The proportion of fixes outside the nest also decreased over the course of the study, although this tendency was not significant (linear regression;
Food supply.-Although food supply varied greatly among burrow systems ( X ¼ 295 6 173 g/m 2 , range ¼ 26-644 g/m 2 ), neither the proportion of active fixes nor the proportion of fixes outside the nest was significantly related to food supply (linear regression; proportion of active fixes: R 2 ¼ 0.01, F ¼ 0.15, d.f. ¼ 1, 22, P ¼ 0.70; proportion of fixes outside the nest:
DISCUSSION
Nest use.-The tendency for an individual to use only a single nest is typical of subterranean mammals (Hickman 1990 ). Silvery mole-rats spent, on average, 63% of radiofixes in the nest. Similar values (65% and 63%, respectively) were reported for pocket gophers in the genera Thomomys (Gettinger 1984) and Geomys (Cameron et al. 1988) . In contrast, a female Heliophobius studied by Jarvis (1973) spent less than 50% of her time in the nest, although this animal was likely still establishing a new burrow system after having been released to a new area. In contrast, other subterranean rodents have been found to spend more time inside the nest than the silvery molerats in our study (Bandoli 1987; Benedix 1994; Jarvis 1973; Lovegrove 1988; Zuri and Terkel 1996) . As an example, plateau zokors (Eospalax fontanierii) spend up to 85-90% of their time in their nests (Zhang 2007) .
The relatively high proportion of fixes outside the nest reported here may not occur year-round. At the beginning of the dry season, when the soil at the surface is getting hard but is still easily workable, mole-rats may be expanding their burrow systems to secure access to food resources that will last until the end of the dry season. As the dry season progresses, however, the animals may spend less time excavating tunnels because of the increased difficulty of digging through dry, hard soils. Silvery mole-rats built mainly short side tunnels when the soil became hard, thereby potentially optimizing their foraging success (Š umbera et al. 2003b) . We recorded a significant decline in activity as well as slight decline in time spent outside the nest over the course of the dry season. Seasonal changes in burrowing behavior have been reported for social bathyergids in the genera Cryptomys and Fukomys (Jarvis et al. 1998; Spinks et al. 2000) . Seasonal changes in the proportion of time spent outside the nest also were observed in Spalax (Zuri and Terkel 1996) .
Silvery mole-rats were inactive (presumably sleeping) during an average of 46% of radiofixes, which is similar to findings for Spalax (41% of time sleeping- Zuri and Terkel 1996) . The definition of inactivity used in this study was based on body position and absence of motion, although we tolerated short episodes of motion (probably grooming) inside the nest. Most other studies (e.g., Urrejola et al. 2005 ) differentiated only between presence of an animal inside and outside the nest (or its immediate vicinity). Although activity and presence outside the nest were correlated with each other, we believe that activity as defined here (i.e., including activity inside the nest) is more suitable for revealing circadian activity rhythms. Tubers and their remnants were occasionally found inside of nests (J. Š klíba, in litt.), suggesting that nests are used not only for resting and grooming but also for feeding.
Behavioral thermoregulation?-Most silvery mole-rats under study exhibited more or less predictable circadian periodicity in their activity. Although interindividual differences were large, activity was probably linked to daily temperature cycle. In the coldest part of the year (phase II), activity increased with daily soil temperature. In contrast, at the beginning of the hot and dry season (phase III), the period of enhanced activity was earlier and there was a drop in activity during the warmest hours of the day. Thus, it seems that silvery mole-rats respond to even slight temperature fluctuations by adjusting their activity patterns.
The ability of free-living silvery mole-rats to adjust their behavior to temperature changes is interesting given that daily fluctuations in temperature at the depth of foraging tunnels were small, mostly less than 38C (Table 1) . The silvery molerat has a wide thermoneutral zone (25-338C- Zelová et al. 2007) , allowing it to occur across a wide range of latitudes and elevations (Burda 2001) . Throughout this study, temperatures recorded at the depth of most burrows were below the lower limit of thermoneutrality. Consequently, reduction in activity during the warmest part of the day in the beginning of hot and dry season (phase III) is surprising. One possible explanation is that silvery mole-rats that are actively digging and transporting soil may overheat at higher temperatures because of their long, dense fur. In such a situation we would expect nests to be deeper underground than most tunnels to allow cooling, as is found in other bathyergids (Bennett and Faulkes 2000) . Surprisingly, nests of the silvery mole-rats are only few centimeters deeper than foraging tunnels (Š umbera et al. 2004; Š umbera et al., in press.) . Nevertheless, in most burrow systems we found some deeper blind tunnels, which, in addition to other functions, could provide a place for animals to cool off. Furthermore, mole-rats decreased activity during the coldest part of the day, when enhanced digging activity may have been expected because stress due to overheating was less likely.
Soil temperature measured at the mean depth of the foraging tunnels in a habitat comparable to our study area reached their highest values just before the onset of rainy season (Š umbera et al. 2004) . Temperatures dropped sharply after the 1st heavy rains and than decreased steadily until the end of rainy season. Our study ended some 2 months before the temperature reached the yearly maximum, at which time we would expect silvery mole-rats to concentrate their activity in the coldest part of the 24-h cycle.
Among fossorial mammals, the clearest association between activity and burrow temperature was found in the plains pocket gopher (G. bursarius-Benedix 1994) . These animals reduced their activity in both the warmest and the coldest parts of the day, resulting in a clear bimodal daily activity pattern, although the daily range of temperature fluctuations in foraging tunnels was less than 48C. We found the same bimodal activity pattern in 3 female mole-rats during 5 individual radiotracking periods. The bimodal activity pattern enables an efficient selection of periods of day with optimal temperature for activity. It could be advantageous in areas with larger daily temperature fluctuations.
Nature of zeitgeber.-Although several laboratory studies have demonstrated light-dependent circadian activity in fossorial rodents (Begall et al. 2002; Goldman et al. 1997; Lovegrove et al. 1993; Lovegrove and Papenfus 1995; Oosthuizen et al. 2003; Riccio and Goldman 2000; Schöttner et al. 2006; Tobler et al. 1998 ), we consider light-entrainment in free-living silvery mole-rats to be unlikely. Exposure to daylight is probably a rare and irregular event in this species. Although Rado et al. (1993) proposed that Spalax can receive sufficient stimuli during brief exposures to light while pushing excess soil above ground, in Heliophobius, even this opportunity is restricted because of the low rate of mound production. Particularly during the dry season, silvery molerats prefer to deposit soil in unused tunnels (Jarvis 1973; Š umbera et al. 2003b) . Instead, the increased activity during daylight hours recorded during the warmest phase (phase III) of our study can be explained by temperature changes; as the daily maximum temperature increased, the period of day when the animals were most active shifted to earlier, cooler hours, which happened to be during daylight.
The role of temperature in resetting the circadian clocks of mammals is poorly understood, but, in some species (e.g., S. ehrenbergi), temperature cycle has a clear entraining effect in at least some individuals (Goldman et al. 1997; Mistlberger and Rusak 2005) . Any stimulus that has a potent effect on behavior may act as a circadian zeitgeber (Mistlberger and Rusak 2005) . Accordingly, we propose that burrow temperature acts as a zeitgeber in the silvery mole-rat.
